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t1ýýýýýkness o1ý t Ie important as it dctcnrnnes the release rate of tht nutrient to the 
sodNL The thicker the cchý! Lfl1°iI,? ';, the : rtiilizer has less nutrient rýie: Výa ýse rate ar°wf týýýýe iýýýýýge. r 
Il 
1ýrý NI r 
ýIIr hl ý' N4NI IV N I" I IN N 
. 





IýýIliýrýlcil"ýI oat; lr! Mý'Iý tilý Icry1 NIIý! Lý'ýýýMiýrýI ý iiný 
, 
ý7ýýrrýuý°rýýýýýýýýt to prýýd" lý+rýýýýý ýýatýýig ýýý'ý, IdLn, g 
to t, 
ýNý ý 'ýIIw, ý. IIIIý ýýIaa ýýilyýilý'ýýýIý 
ýýýýIIqqIý. ýIýýý, ý ý ýýr t t, l'ý ý. 
ýý 




AII coating liquid rývhirch cFled ; liqui. d mrrrodlified. starch has been developed to coat 

















coating ýIýýIýýrýII needs I Ipý Ieon rtýý ýII/' I` WWNFFW""' N ý. , . ýýIl. lirý 
ý :ý to ýýýýýI hýýýIýý1ý, ý on ý. ýýýý granules and the the 
ýýýý. ýrýr'ýý must I. rrýýt be ýýrllýlýýý It. ýrlrý ýIlrýýrýt tkllrnýe ý. ý, nrNý rrýu"rrl 




to desired ýýýý ý °` IýýIýtýrýýlý Itýr rýýlý. rýýý 
ýy 
ýý. 













W IýM4ý {h" 
N ý" 
are 





rýý ýuýIý. ýIIrýý 
ýIý 
ý6xm 
ý. tý'rir, ýI ý ýýr. rrrýrrlýr, 1ýýýý, ýýrýtvýcrrýCý, lthey 
r have 
ý. ýý orr. 
the fe>rfl1iierlN ýýýrtýIorrnrnr)ce, I Il. l"iýr. ough coatirý º tllwiýýýýýess die fýrtilh"er lift Ispan and release 
rate oýfll rz, 1rtIlrrNi(ýIa1t to t'kr<e s+rrºil could be conlLr'oIie'd. if the thickness on the coating on the 
ýýX cI 
jIIIýr1 
Iinýt I t6ýý ý 
Ir, ýýr ýýý the 
ý II'Ih ýI value, IýNNhý 
Xi Iý71ý 
ýII I 
II ýI I 
ýII ý. the ýýýýýýýrrýýIrrIýIltýýý Iýýcll 
ý 
then týýýý, ý desired lrýI llý"ýýNrý ýýýýIýrrý 
and 
rrýýýlýýýý1ý rate 





ý, 7' IN yw 
» 
ýýrr rlýrýl. ý rýý 
I' , 
raýollýN ýt ýý ýý" ýf"ýýrri, il iýr' 
I' 
IIýýýr i, rýr irrr'rý r 
lý°Iz'ýº granules ýýýulýýrl IýraIN irýlýýtýl rýhý 
I 
ýýl"N iýý ýýý. 1 sphere. 
FII"I<err*e might be an uncoated or less coated area on the grrmuks, ' 




lrýýernilt reaction of irtiliizer with air or IýIýtýlýr" ýIr'rýýýluuýý`uý: rlng nitrous oxide r1'hýý ýýýtrrýýnrýý ýýýýýrýýe 
i! Ias : lsi, ori needs to 
býrNNe rrnitigated as they contribute rýirii1ii. an1tiy to green house efýýct. 
w'ýrn rýrýý . ý. , having , coating ,"". 
N ýl "ý kry 'ý Iý' proper ýý ýrýelrýr, ý;, ýrr of the llhe ýrýIri, ýýýi, aý. Irýrý bed ; ýIº,, ýýýtýýrýýri 
is lly y ýitlýnýl. As ýýýchspray 
and dropkt chaicteristNcs ofthiis liýuiiýd ýrs rlýequii, reid n order to properly design the coating 
systerrt "rhlýýýý'efi)re a tudy of srray'I c; IIarýactrerr~Iistrics of the 1iqulid modified star~ch is 
ýI ý" ý ,A ýýý ýIxýw red. 
I . ý"ý (fl)jrcti/eýýý ým(i cope of Stu(iýýý ý 
hVx 






II. +ýýiF ý of 
ý7 
of 
for II ý1 hN il ý 





"ýYý' iý .M "yA f' 
of ýiýýýIFý that need to be ýýe: ý. rMiýxiýýu1ir1rýý Mýýýý ýýrirýýý the breakup 
structure 
of spray' dropýý: t, spray 
cfropkt size, spray droplet velocity yýý, prýaýýirlýý spray angle, ýcýr'oI, 
ýwlrlý7wýt 
cý°ýrýýwýýýuýý, urýatýýýýu and ýýýýýrFýý ýýý 
A 
ýý ur"lu ýý ýr r ýý, 'ý" ý orL 
IITh'M°I 
spray drYc°r"ý. let size is ti111ýýN ýIIý. j°ýnýlýle! ýt. e: lr of tl°rl. i. ýýýllrý. iýl. is spherical 
ýnI 
ý, ýý., IN ýýra ýý . "IIýýIýýýIua ýlýl . Ný 
particular spray, spray droplets comes in various sizes. "ii"he relation !. >etwe¬'n spy 
droplet, size and spnrra>'' fluid i)rtý: S'SlLrrL is determined. by 'Iaýrlýwrirrg the rý pressure na set of 
II" r" ill" 
ýI I' ý' ,: 1N ý, 
ýýN ý ýI 
ýýrýýIr°ýrr, ýl"týllNrý 
ý of IIý ^r .. ýýýIltlaýllý'IýIII 1N ý°rýrwrý of 'tiiýr, ýºIýýýýý ýcfrý[ýlýýtuý at a. ýýýýýý ýý°t. ý°N ý, ýf pirlie; Iwsurý'LIl need to be measured ý 
a. nd this cr'arrlalý be done 'Iy Irjw; irýrg Phase [)Ioplýler Ar°rernometry (Pi)''). After thatl, w a rrnrlýarr 
rrnýNý c; harýcterlstic diameters ý are calculated ýfu ýrýýrriý those ý measured diameters to properly lýNlll}ýIý, 
dtscrbe dnpkt sie distribution Iý, ýfrr given srrllýrýý. ý . .I 
prary dr"Iopllet veiociüty profile is basically tl'uie driopletsboth. Iýuýýýrti'ýýa. 1 velocity both. 
WN rl. 
, "ý' ýý,, n °ý Ir+rýriizýlnlýl d. irlý+rý ýINt. ýýýr°rr ýwýlr, tl°r respect to sprNrr. ýý ýý1oýIIýII which is downwards. II, Ihe \II1()ýNNýýt. rl 





















IýIýýý ý ý"f ýrrrl ýýý ýýý` ýwuis the 
  
ýr°r\CIttýýý I by varying the prelýýýýrarrýý exerted. The Laser ýýýýrýN Doppler ý'\nýýýrrýrýýrýrý rýýNNýtý rý (I, 1D. A) is '^"'. 
""ºId 
ýý 
rN*sed to ri. rrre tl°rre drMopkt velocity in, llýlýýt. lliýu lrrý, rriýýltuýlntal and ýýI'rtiiýNýýu1 ýliurrlectiýýrrAverage , Nr 
ý 
N 
II velr>city iused to rNepreserrt ýIr given spray droplet ýýýN"lcrlýitýýl ll)rýrýfifeN 
. A spray ýýrlrýýýluý ýrýý°' the rýrýýýaýýrýrrýýllrýrrlýlr'nfi of ýýiicltlýr of ýIýýýrýýryll coming gl out of rýrrýýýzle. S[ýrlýýý NIý 
ýuigle the area t, lirrt, a spray crrrlrld co'errNr Factors that affects spray' angle ar the 
fluid'sl flow p, rNew~MsrNIrrNe and tlrlrre Itype of nozzle ýused. To measure the spray angle,, ýa hýigýu ý 
ý. I; [ýýýýýýI camera is used to capture rniýal, ýes of s, ý, rlýprly. From rý tikros, e rflg(spray ýý y angle is 
rn! easured. High l)(d carrrera is also used to iiiilvesti, galte the Idroplet breakup structure of 
a , 
l")roplet breakup structure shloýwis hov droplets ý are ý" ýd ýr ýNrltaIýr spray liquid pass are ýfrýýrI ýrýr, ýl 
through a noIý"IzIc. 
Physical properwtkýs of spray licl, lrýrid sMiic: lrý Irllrs viscosity and surface tension stension have , 
I" N 
e°ýýN't. ý on spray properties. ý¼s such, the sprly lli(iUiid used förrl this project w; hiýNýh iýº lirýrrlriý"ý 
rr'rodi "f"ired starch N ýti compared l° , I'ý 
rýr 
ýýr spray ýýýýrr°triýýs of irtlr, I By comparing , ýý lrýý°t those properties the ýý 
two flut; rids, the iwfýcts of viscosity' as Iellll as surface tension on drNoplct size,, velocity 
prlofile, angle rr. r"wrr: l breakup rýtrn'cture could be det(rflhifled . 
MI 
ý 
CHk.: P'TEI'ý, 2 
. [Lrf'h RI&TURE RFrý E( ! Ik. N : I) THEORY 
.i ýýýýýýýýd Modified Starii 
Starch ý, ýý ýýLSNC: iI! wý ýl CaI"'býhyidiiitie with a ptentýof giu. c ýýýýc unuýýt: ý joined ,, b ý, y 
., ý ý 
ýýý gýyc()sýýýýc bonds. it comes from v; iriOUýý pk: inMt sources such as rice, potat, oesNh corn vhýý. ýw 
ýfl(J LPure starch ýs h ., 
ite in color and only tn1D týIý)CS of rrioecwij. le are present I 
inside imnu 'Thescý r! nuýlecnalales types are Linear and ýýýLýlical flýýýý'iaSC and tilý. e brtnched 
"arlny'1 ýýýýýý t"in . "F1ý e composition of a starch usually comes ýn ýIý ith 253 oý of týýýýý , 




I . rNýýNýall type 'nýlýlýa. 
illcý t. l'Iýýcý latter ý5 ý ý"«"ý(Brovn, ýýýý1ýýýIIMýý 
. ýý. 
Sýtaýr: hxýýýýýnýcýý.: ýf i. cat: üion. through the 
usc of nano rNfon1poIýite such as Ni . inlocrlaialter the 'Ipih)"siclýý and ýiile, rri. ücýi characteristic ýyfN N 
(Nk 
pure Iýtzwclýý ()nir, 
20 
JG ý ). 
uý nM 
ý Ih, r°Iig this ýýýýý'diifi'catiion, starch functions cIou1d be 
ü rr pr"ovecl and tailored to specific applications. Starch ý ýI ýýýýý ýd be modified to he a 
N 
't, ýýýri~: ýnýýrýerNcýý'llicýiicý. ýýll IIIýýtýýN'biliýrrýýý*, ýýýýýil., lýrýagent, lýýýll; ýºýng aI, ýge, rlýt and IIvater retention ý ýýNýý agent at 
ibod. 
ýýr°cýwýýýc""ýhNýiriýý ý cýýcýýýýýýiltiýýn of 
NN high high teishear, ýýýýý ýýncl even cooling. ýp" ýý ýýpý ýý'ýýrNýýIIýItýclNrýýý, 
high ýIý ý;, ý 
Blesidesl that,, starch is also urrlr, odified to bcNe a iý1ýtiliZer's coating in agricultcxral industry. 
2.2 Fertilizer granules coating 
,,, Fhc prrrýýlxýýýe of Icoatiirrg on fr "i1Hizer grarliule is ýo corhtrloi the rkýýcase rrAatc of 
nr, rtrýýerýtfiorn the urea to the crop flcr. dN The control ývas enlýýýýýd by the f)rý: )~"ý+ýrýtýes ýýýýAltýrýYý . 
the 
MY ýIý, )trrýrýý of ýýý'ý ýrýýýýýýýitarýýýIoýlit, Iýýrrýr. ýý 
iýý \ý1 IýýýrýýrrýiN'iý, ýý rate in ýýi: ter (Nik ornat, 2O 
1Jricoated rYýrrlýr~ý releases rrutrýie'llrrrt to the plantation soil through the heat frorri thýrýý soý and 
. (" i()ýýºräirr, g irý waiter via crop vi, rlýýierrrrg system rý ýrn'd rain. Rain is a natural 'cause that cýýýýld. 
not. be controlled and rnrdIýýs uncoated IýrllirN'ii; zer grýrrru! es rekase huge aniount nutrients 
ývastýýýýýýýýý ývhenever it rains on the crop field. EMowIevierMl, 'vith the help ofpoyncr coating 
ýANN 
ýW rr ýýrt. rýrzer granules. the urea solubility rate in WritC: rA Sigr°riiýiCýrrýr, t'lý ý, 
ý, rýýýeýrNýlýý and týrýYý ýarrIAIýYýýýý Iý 
is 
tailored to 









could ý be 
'"IM ýýý upplied according to the crops requirement arid vaste oý"ýr"rrr< ý 1trvientNý ýýýýýýtrýýrýýýýýºý rduýýMIýN As 
ý the rýr'ýýýýýr+lt, ý the ýrYý ý, ýYl, rýrwrrNýýýw ýý ' ýIýýý, Irýriýý last ý, ýJýrr; ýý, ýýrýiýýw. i: wýýIý"ýrýýýýý. ý that, the ý, ý,, 
NI ýýý, tr ýýýýý the coating mitigates Y the ýý Aý ý Mý 
4 
ýýýýurýt cif rr"anit. r*orrs oxide released. by the fiiiiiliiizer. 1ýlh'iý; is paramount nitrous ox. kie 
ý ýýI uý"ýýuýt, r°r býýrtýý ýMý trý ýrýerrýlýr. ýýýý1ýý to green Iýý, ýýýýakrsýiM ý 
mf(wtw 
ý;; u. rýrýrrtýliýr+ lulp ýýtrýýýý ýl°rý pýcýý. l. ý(iýniý ýr ýaeC'ýýýrrr ýacý ýý ýýi ýal. 
tiýýarý, ýý1n. iýnýtr4ýý`ýýw ýý, r, ý synthetic 
I, .. ý . 
N_uý ýý . ý", ý to ýý ýýolyrr1ý'rý ý; nvlýrý, lrrn 
ýraýýýflti. ()flýall, y rrs. ed to ýoat iýrilliýiýarr 'granules (. ik (')rrýýýýa, rýý'ý; lJ1 .ý 
)w "i hVIs Is due to ýýýýýý 
S ocie. týý, ýý's concerns tbr envlrozaniental issues sucl"I as biiodegradiCbiliiýýy arrd rrora., toxäcit: )l' . 
adrýitkxn to l thrnt. the cost ý; also one of the fi::!. ýýtc)Jccirri. sideired in using starch pýr, ýl; yný .r as 
it 
ýS ChtU)tiM comýýýýýýýý to synthetic ýýýýýýýýýýýer. F°Io'wever pure starch pol. yýýýýýý ýý poor in t+ýýýýýýýýis 
()1'" ýýýýý1iC"1 properties needed to ýýýýat rNýrrr. rrrles wýýýýh as water ýsolubi. lýty 
resislttaneek 1-1er~xceý starNch rnodifi'ieri~ hike narrnoclay is used to ta: iiloýrN the po, lynier to ser+e its 
function as coatir°ýý; pr'*olre. r1ylrr~z 
order lý)r the coating to serve its function properly 'on the 1rtilizer granules, the 
coating has to encapsulate the ft'wrt, iliz'er granules (Nik 'Ornat., '2'Q lI). En additon to that, 
the sprayirrýg system tarsed t+rrýý pertörirn the coating on the fertilizer granules shoud produce 
a spray ýith high area of cc, ý'reuýage to coat hundreds of srall grýýýnuks simultaneously. 
The spray slnrld a'lsrý ha're 1ýýýýre spray' angle and velocity rwüilýý which has a lot of spray 
droplets ým O rigý rr both horizontal and vertical flrýý s. v. Apart from rrýn that, the th lckrý ss of 
II ýýýM ir 1C ýM1 
.ýý 
'ý I^ 
coating on lýýrrýtil+ýýr ýýýraýrau, l 
1ýý +ý lrrýýýý to be I"M ýI ýýrýtrrrllýkýý'" l as it determines ftlýaýý,! performance of 
the lýr*til; rizerT°'ll"Me thicker the coating, the slower arnMtnrNient: s release rate 1ýýýcornesw A[o 
control the tlrlckness, the coating systemn has ýtcý ýe ablýe to prýoduce sprr°ayr dropkt süize 
range of 3() to 60 nilcron meter in +r«'liarnerter. r'his range of spray si;! e enables the frtilizer 
to be coated to targeted arMrrourrt of thickrýss to cor'nply'r ývit: h the r*eqirairaýýrrrrt of ý 
particuki rlF 'type of crops. 
2.3 Water 
IS a fluwurýýý that has abundant re: souirýýýýs as approximGuýýýýýýýý ýý 1 percent of caith 
sti'ar"fýce covered by ceau* n, i(ýt to arýýcritkýu"u the rM1r, ýlssIkirýý ýýýýýb of ri'"ers on ýýýýýýýs running 
ciovvn ýýýacý to oceans (CiA20] I) iost of all living creatures on earth or deep in the 
oceans ýýýýý)end on. ýýýterrN to ý. lye. "Fýýýis 5ihovs 1horr iirnpýýýrtan: ý ývarter is to the woýd. 'ýýýýýýýr 
USýý; ýLt Y' 
ýbLtnd containing 'various rrýuM, uýetals andl other iinýpurxtýe,; ý, Fýýýýývvever pure ater 
w! hieh is co1ýýýýýksý and oýýýýýýýýss orMýy composed of two hydrogen atoms and an oxygen 
atoriýý f'ýýruwrning I ,,,. I: ý(::. ýýýýýwu~ could cý; ýýst in ýýýýýýýýý jpi"wýýýýýe of sohd,,, liquid as weil a, ý fluid,. "l9'""he 
















ýýw ýý , 
ý. ý'ýýýýWý ýýý 
un. versa. solvent as k c'ýýýýýýld doh1: "s more substances ,,, N ýý , ýý ý ýýnýýýýared to any ýýýtý hýýý ýýýýýýý ýýýt. sý. 






1ý'ýýÄ ý, ýdliýllhýýIýrý'"`"ýbýi pure water awater 
has 
dell. AIý "ý, dý'Iý ýNiJ'4ýýWN. IIýýA AiM 
A+ýý JA. IN 
2ý4 At; orui. ýation 
wu 
ýýý~ ý, t)r°rýýýýa. tIrýýýý ýýý°ýýý1ý'p be ý°ýýýýýýuirýýed ýtS t: I°ý'e process of generating spray droplet 
* I 98 ý 
c.: 
) 'R ý rýýýýý this Iiý ýýý spray 















I sp1owý ý, ýýý cxýu°npie o, ("a rto2ýýpe forMniing a. spray. 
ýý,, ýýýý 
ý ýIIý I, 
ýýýIýullýillllldll 
, Iý. ýbril 
IIWýý ýI 
' 


















ý. ýNryi, ýýýýýýýe 
2I: 1i. N 
of ýý 
. Mý piN  . 
. , ýýýýRrýrýýýh'ýýýý ýýýký ýýýýý, e: ýý 
"Nýýriýýýný, 
spray droplet ý. odroplet 
(ckck, 2009). 
Atoniia, tion process takes pýýýas liquid 1s b'eiig i'ýýrcaýýthrough a nozzle. "is he 
ýýýý ý uý 1w ýý ýý ýlýrýýýýN ýýýý, ý, , ý, ý a, * ýý, ý, ý to ýý ý ýý iý ýý M .ý ýh ýM ý, ýý ýý ýc ý ýý, ýýNýº ýýrrýý ýýý ýýýý ýýýýýý ýý ý'ýýýý rýý, ýrýýýýrýýý 
iýýý, ýýýý later ý, rtýýWiýº rrý: ýrýýýýý, ýýý ýýý ,ý ýýýýý1ý ýýrýýýýýtýý ýýuýý to ýM 
the ýýýýýýýýýýýýýý energy' of ýtiTýýýýýse ligaments then 'ýýýýýýak up flirrth+ýýýý to ýýýrin droýýýýýtsN Figure 
2! 2 sho'ý ýý ýý ýýýý through a ýý the ýýýýýýrýrý, ýýýý hi ýýýý, rNýrýýýf structures +ýýM"`ý a; ý ! iiýý; rýýi, ýl ýMýý, ýýýýrýýýý ýýýrýwýý, ýýýýu ýN nozzk M 
Iý. ýýýý'"yýJý,, ý Figure ý. I iIIW11I, ýIdMNNý`l " 
i111 ýMýýýIN1iýzýiýIIrýAy1n11ýCýý 
process ýC; ý; ýýýM lIIýIýid (.; chick1, iýW l1 I , +ý' IýýýiMiýI ý'' 
6 
he rrs t COffrt°nOfl atorrrization pýIrocllrc, llss ar'prlelssuurre atomization °I nd tyýý fluids 
rIMN 
, ý'! I Iýrorui' Il Iý: 














ý'ý'II o iýIýIýIpýll 
by ýýIrlýlg ýX utilizing 
systcrrL IT"°ýe pur"rki'"äln; . systenIr, cýýrruý1b1ýS 
flu id. to iiIcllr`, w to sp: rayinglcr. n %vhcre nozzle i 
ittChCd. is #hr the two fluids ator°rrihzlat: ironl,, twIIrol tiýuicaIrcr` 
iIiseci 
to create spray they are 
ý17r°I nýrý spray 
fluid, 
Ai: r° is piressu1rzIed fihcrlNough irlulozzle vh1i1e spray liquid enters nozz 1! c as 
,ý,,, It1l result sresult oýiýýrý'ýº: ýýýJrý"+ý dfý1''ýýr°cýýrunccý ýIlrýý"týiýýiý'lýn. ý; lrlýrirdl'Irýllý cc, ýuruutýllr"iilrýc'rIIN rrd air 1ý"ý1ýiýýý'N i his atorrritlion 
4V 
Ii 
IX 11' MI II Ibl/' rII iý I"r as 
Iryo ,I ýI ý, i pressure atomization. iýrýýcýýlýýh ýrloºý rýrýcýýýsýýýýýýýý ýIr ý1ýr'ýrNýl cirýcý, lr'ýýiýwýtlý Iýrý ýýýcýýrnlýýllrrýýllcll 
to 









NN by ý' "pI ýýlN '. ý p 
ýý 
I1ý1ýCýlrllrý ýI rsl rýnrlýuý ýýcýriýý influenced. irrrtrýlýM rý ttyrýIk ý rl ýý nrrý, llrýýý ýýiýl' rurlýýXýý to 
the spray (Schick1 2009)w rFhercw are fibur bask types of noze used to generate 
r nýralllrstýý 
fiat 
spray 1'I Ir rl ý71 ýýýýI)ý, ý, ý 
flu 













spray aI they are 
n,., fýý ýr 





Iýýr cý ýýýý; 
I~yl has has 
distinct 
range 
yIý k liý; 
spray 
: ý; rlr, 
III 'rpIrýaI 
pattern ýº. Iýrý'flY Iýrýýý 'ý, lý' ýr I ýý ýIw ý' ý ýXwI1 ýNý ýI 
produced. l{ýý111ýjr coric nozzle Icouý1d produce 1argcr+rst spray ýrr°Irglle 'vith the range of 00° 
ýI 'Y I 
cone 
w N'ýil 
YX X with II ýýluýili lýcýlýcýrlcýlý 
by 
iýr I nozzle 
Inozzle 
range of 1ýý 1, ý, ýýýý and ý IIýt1y ý, t spray rýrýýýzle 
IA for the 
ýN Ný ýM 
1" actually nAu' +ý iwdl 
ýý, rrrý, ýý' ýýl 
IM 
ýrlrIw 












to the II' Iýrýr'ý, ýIrrr t %\(r 
thrlee types in termn of spray pattemri anc'll spry ang. k rangeN 1-°1cývIIIIcXver, it is dürl'erent frro: m. 
the! ()W`rýý ýiS it UtilC t: hC presscrrwell C)i"both spray i'iNCirarird and n: ür instead of re1ýýIYing orurly on 
Wýýprlrr iicýtrrid''s pressurlFeN i)Iue to t. hirsr, the nloý"ýde ýwour1. d he able to produce spray vith 
droplet S rü ýC lýs than 11 (k) r"wiilýcro"n w 
So, air ass: i sted rr c auzz. 1. e rTr ay have the same spray 
and spray angle range as any of the other thrlleýrre but ab. k to produce sTnaiier droplet. 
s ýý'r. 1, l 
ý)rý" 
liý ýý1rýý arrrrd ý2Irö shový tl"lu, clý ILqýllray 1ýIýrlLt, t'urr"NI prwoldrli, ýýlýýJ bwý° 
Iýý'ahýXlh twvi. ýýýs of rio°L. II, 
I7AIýIIp 
ýýMaýýrNýý ýý"ý ý'ýýýraýw ýýý . 
ýýýýýtýýýýrrý ýýý ýNý fiýiý. l cýýaiiýi, ýý ýýýýýýý, ýýý: ýý (Sciück, 2009). ý ,ý 
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ý ýNý 
WurµýNý, ý ýý . 
pý, ýýý, r 
ýý1ý4A^INýMI. ý Iý ý" (Schick, 2Mýýýýý9I .ý ýº 
'ý' ýatýý ýýýýrNýýaý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25 Droplet Breakup Structure 
Dropkýt br"eakLN 
ý is a phenomenon 'her'e d. rýýýýýýýýs1 ýWvhich Iwere ýýýýrrned tion liquid 
ýýaýne'nt, breaic: ýýýý further to fwýýýýr e'en droplet Tiýris phenorrnýýnotra is also cal ! ed 
it 
ý, ' ýI , ýr 
ý1ý NN 









'týr ýIý ýý" ," the ý ýr rýýýý ýur 




h, ýý, ýýýd ý aw. ýr iýwýý ,w , ý" ,, ý Ni ý"1MýýJýýýIýýýýýýýýN describing ýýrýýrr. ýýrýýýýrrý R , 
ýI 







those , ýN * ýýýrrýiý ýýýýýýM II ý rýrr ý, ýýI r"'ý r; Irlwýý: ý ýI' ý ýýý. ýýýýýýýýi'"ýý ýý 
ý 
"ýýý, r 
rýýNruni'ber and Rayleigh ruýurrnberw [)rop! et breakup structure only occurs ýý+ýtherýý \i'ýeber 
ýh 
h 
nurn"ber of the spray the crit, ica1 'value oi 10 ý'd! \. 7ýý)pIýrýli. l, ýIýýýJýý); ) ýýi°ýIIinIJ ýM ýIIý. id #rýýtt,, 1 
I 
ill thlý droplýýtiýý I ý`cýºurýuiII 
lu ýý ýrriruýýw. ýýwýlý ýIý'ýýýri lýýiArýlrýý: wIiý,, w IýýIýNI IýýI IýN, IýýIý, rr 
` w, secondary 
IP' 
ýu Vý. ý: ýrýiw"° , Illýý' I Iý 
IýAný I 
IIý II ýýI ýýý I 





f the Ir 1! 
IlleIr nw"wnilr' ýIll 




IlM (ýýIý ýýýclýwlýý 
Ik I' Irýý IIlly I tl"aý IIN are I t"buý 
IM. l ýýýllNI 
V 
ýrýý Iýýa distinct rodýfý of 1 of 
breakup according to (i<. ieczko"vsi, l'9'8Crýýýfr "IIl~Iýwe first one 
is 
FýnIN ýý "IIý I 
ýýIRýillý 
ýIýIýIIIWy. 









rý lrýýIlýýýrIwP ýýýIýýcý 
by 
ýcý1: lcýýýr lýlll., ýll°ýýýý ýIc1N ýn ýý1ý 
and I 
Irlwýý ýw ring, l, tlc°IIýýýAuýlýl. and 
occurs wlruýý~wýýýwýlýtýýlý ýýIcýve 
IArýtiWIý ýII ý IIýIý! I type hý I I. Fwý1rnarý i ", " 
" Itýcýrýu. NýI l+F41IF 
iýýýýý'ýIllýý, 
ýlly ý. ýIýýllý' ýýýl'ý; N1+ýr I°ýýýIýuwýýlýýýrll 
Second 
ýýNýýýIý " is ý ýýýýýýI jet breakup, ý°ýINI IýýIýrý by ' 
the 
y , IN 
; tanierlw it! the wniddk of the bag. . ýý. ýý , 
foýaý ýýýwý, riiýýitiýlxlw yIrpllýý there ýýý iýuýiýtilýl bag breakup hut it ý ýI 
ý N 'IN fun. 
While 
ilý ý 
"t, rýýýrllýýfýýwýrw°ýeýIý into ý, iuýwirýtwNýý, wl, ýluultýý, ý: rlý Ic, wýl tllýw'ýINI k1ý fba: wlrýwýl ýW; lýuiN1ýýý iýýýrl shear or ligament ty pIýý it lyý n 
prN' uMA 
ýr 
pý II ul 
the 
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wwwirwýýIýM ý 

























ý ru ýiýwýý ý iý .ý 
i 
ýr Iýii ýý '"ýN ýýýýýýýýý. ýýýtýý ý+ýýn ý ýýýýw! ý cýºýýý ýýýý1ýýýýwi ýýýýt 
Lý, ý ýwý ýýý , ýt 
l, 
ýý 
Twf ýý+ýw ry, ý (Kreczkovvsk, ýý ý ýýýý ýýýýýý 
ý"Mýýýýýýýýýý 
I 98ýýý) ýý 
iýý 
26 Dýýýýýýýýýt S'iz of Sprays 
Droplet Sl+C of ýýýýýýiys is the Imost inIxýirLant characteristic of sprays as it reflects 
the degree ()ý ýý of 
a+IýI, 
ýýýýýý are II 




and I IuNýýýW atomization. size 
IMýNiýý TýillNP 





























ýýt(flIF11111MýýiAýýtI. Oil ýIIid 







ý uw Ni 



















ýý, ý ý" ý'llr 
Wýýwi. , R, ýýu'. 
. 
ký) 








ý 'ýýý Iý''ý 
ýiýý. 




'ý II ý! ý II' III I p"II. 'IP I 
JI' 
'll"' ll'; " 
IIi ýCil lIII J II I° II+J II ü( II I"'If 1111 "°If.. 9' 'll Ii , Ii y Illp 
ýiv"ý ýi"Ihll, '"'11f"Ililil, Ill; ililýllýlVII"'V 'llillll; l'. VII'Ih9ýýl! dGI11f, d'll',;, ýillliý, , I, 11I, t, ýI, IýýI, IGIIiIIýIJIII', ýil+! 'ý; IýIII IüGlllýl, ýlýýlllll, ýI'lil, 'III; IIIIý', III',; V, pq 
ýýiiýuiýiiýýýýiýuiiýuuýwiýwýwiiýuýwýwiuýiýýwýuýuýiiýwiýwýwiýmýwuiýmýwiýiwýwmýuiýuýwýiýiiiýmwýuiýuiuýuiwýiuýwiiý. iiýwý+ýwýwýý. 
i hýfdl', 
ý ýi!, r ý ýIýýIiUP 
III. 
Dýirý'aiýi F°iil"1Vvý F'INfl! ýh ýr''kj 
V Jnw 1 hl; hýIVPi yiý, ý ý ýýJffi ! 
L, iigtd rair 
ýI,. µý . 1. ýiýnmr, 
!I 
1i'ýgurc 2 Xýý ý)n: ýýýýýý size clqassiiflcýýýion (. I. keuichiust, 2.0ý 1 ý. 
ýýýýýýýýý ý ýilet 
sie varies ýýý. auýýiý conic M in diNstributMoii ývlth penletratiioiri distance and radial 
.ý ý d, » ýýý '1a ý ýý11N ý"IM . ýý rý ýýýýa ýýýr a given spray (provided . týýa. ýaý, t aýý other ýýýýrýýýýrý"ýýý"tý""ý"ýý are ý'conýsýýýýýýýI: ýýý) I,, ýýMereare 




ý 'ý IM ýw used , .ý 
represent the ý "1Mrý i ý'ýýýýýýýýIýýýýýýýýýýý 




di ý ill 
ýý nN 
ýýyý di ý'ý': 
ýýIý°ý , ýýýýýýýýýý, ýýýý" rýaýýý, 
Mý 
ýýýý; xýýrý the 
ýýýýälýlýý 
ý` ý°ý. ýý ýý 
'ýýýaýM 
ýýýaýtýýýr Cýwlýýýý ý ýýiaýraýýýfý, ýr (SNt[)) and 
ý ý" 
of 
ý JMdr Iýýrý ý1)ýý, ýýdýýýrýarý° 
r ht II (V[)Ni) ý'r'ýýý ýN roaýý: ýrýýýýýýýý 
i diameter ý7 used I to describe ik ýýý'ýý 
ýI 
ýý~laýý ýlroýý! ý1V ýt 
size 
oýý` ý'ýýumý 
ýýý rr' spray býI ý 
hrýti 



















ý "ý+: ýMý ýý ýýýýýý'Mýýýý area ý. produced {ýýý by 
pray ýIýw+hIVle V{)'ý express droplet ý, i. ze in te. rrnýl of vo1ur! rMý ýýýf iliquid sprayed. The equation 
of 
51'I) 
and \ý, ')i\4 are , ýý, ýiýrýýýýýý as 







,, ýý p ,, ý 
ý, 
ýý n 
ýýýýý , ýý ý,. 
ýw. ý, wý, 'Iý 
ýý ýs the flLUTabCf of drýýýýtet, s thiý ý ýflgIe' of is centeired on darnlr«teurA i)hý and k is 
týýýýý ýýýýýýnber 'of rangesA ý: IMr" diirflCtWitýrS USCd to describe 
spray droplet size are 
NýMt+' dhýý: 
"ýMýý 
ý \+ý " ýý Irrr ýýýýr 
ý 
Merv 
ýqiý, ýMý. ýýýlr"w, 
ý t[ ýn 
([o) 'Vi: 
ýMýr ý` , 
" 
iýiýýýý. 
M "hMf l 1ý'ýý 4id, ýrrý ýýrýýI ýIIi i"ýýýMýýý ýý Aý a ýýý Mýý IýýM MM ýº uý 
(I: 
2), 'ýýýýýý n 
C)wnf' 11 Aý, r 




q 'ý ý, 
ri ýýýrý 












M ,Ai r+ ri ýi MA iý 
M 
rý ý n 
9il'ý'I u' i II I" i 
ýýýýýýýýý h& rrtýMýý 
iý, ý ýýýýýýr ýýýý ýýýýMVý ý; ýýý4Yýý, ýýýA ýrýýý'N ýýýýrýý., rtý . ýýiýýýh ýýýýrýrM1 ýiý. ýtrýýýýý, A for t; Jýýýý: ý . 
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t ýr mý Iý,,, ý uý 
wiýi 
IIý ýI ýýýý ý 
rIIý,. for ,p Ike There 
ý 
is 
ýýýý ýý dý l ýý ýýýý ýýýýýý 'ýý tý 
l ýGýýýlý ý" ýýýýýtý. ýMýýlýlý 
i 
ýr ý'a ýýýý ýýýýý ýr ýwaýit r ýý rn ýhýI' 
rýýýr ýý, ýl +ý1ý, ý ; ýý ý ý'ýýýýý ý ýýýýýýýý ýýýýý ra 
ý 







IIN ý, lýol ýýýýI+ý 
ýýIýýhýýý1w+ I ,ý ýý ýýuý ýý Of Iýýýýwý, `rýýt ýtýýýY ý ýýý°ýýýý Of then i ýý ý rýýý+ýýýýýýýýýýýýý, ýýýýý týý; ý ýýý. ý IýCýýýýýýilýýýlýlýý°ýlI 
no? 2: k ýýbrins snaHest drl°oýpkt .e fbýýýýýed by ýY; ý'ýý. t nýIýý. zýý]e iIýýýCýl ýý ýýiýý. 
ýýýa cone iiiý1oýý; IýýIý. IIý ýýtýýhIýrý ýI 
1, Iýý°ý; ý,, ýI yl tlý, I r has Iýºt rýý, "ý! ýýItýoýý1ýh1ý I droplet ýýiw ý 
1' N. ý 






ýw Fý like ýýýýýIr rf ýtý1M has direct ý, droplet ýaýýýý ýýýýýýýýNý, ýýw ýýn. 
ýýýtýýrs, Iýýýýýuýýýý ý: IýraII ý°ýý inýýýý' ý1ýýýýýý 
ýä'ýi'ýýý'ý"ý" relationship to Iý. ýwýýýýý1, ýýt ýýýýýýzýý. Iýý"ýýýýýýý ýýý"rýýýýýmiý t; ýýýýýý. ýe pýýýrý, rýý ýýý 
II I` M" 1º 1ý wý 
ýýýýý,, ý'Iý°ýý'ý'rýýýpýýýýý. ýýIýý ýýýýý1so ýýýýý'ýdroplet pt size ý`wlýýpýýýýC'ýiý1ýýý, 1ý, ý "ýý'ýý'ýýIýýIý, fýýt'  ý Iýý, ýniýý ýýýuýýýIf ýýýIýýýý'ý°ý t. en'Iýýýýýýýýw . 
Boýtýý, w 












ý3. l : Re! ýýýarýýý ýýýýthodo'ýogy 









ý*rý}' ýI My rýIý' ý, ý1ý. nand. ý 
ri 
ý1wý 7ý ýIýýI 
background 
ý, ýýýI'ý 







iq MW Mý NIMý ýI 'A" 
I 
týýýIIý' 




rýýýý+ýý. , rýrýuýýýý'niýý: ýýýýý 
starch, 
ý ýIýýýnýýý this 
point, 
ýýý. ý ýýýrýr°ýrýrýýilý ýý ýý ýe 
11Www1w d' 
ýrýýýacquired. ýýýý ýrýriýiýýýe1ýýýýýý: r 
ýýº r" º' ýý ýrr wir' prý. 
jýýiiýýý 
ý 'ýýýý, ý ()VI 
j 
ý1 tj! ýýW. 
ýý1ý.. ýýh acquired. ýýýr*ýýýýý1ý ýýýM'ýýýý, Mýýiýýrýýýýh ýrýý. to ýýýorýýrwpýlýýký. ýý, ý ýý'ýý. rýýý'uýýWýý. ýýý ýý ýýýýý""ý .ýýý 
arc know°n.. hi addition to that, the fiýýýtoIrs in1Fure: rrtcir°ig a , ýý1'ýý"ýýn sprays ýýrý, ýp! rýýk size, spry ý 
ýý ýý "ýýýýýoci"ty profile as as spray drop; let hreakLik]pN structure are ýJeriti1"ýed, ýIieýWwýhýýýnýrýýýýI ý. mýýýý 
che. rýýýýýýýý ý)r())rýýrtiew of ýiquiüýý rnodi#ied starch are studied and Iýýýorriplýýýýýýýýýýý with ýI: ýýýýsýý of ýý 
water W 
rx 
iN x "ýýýýrýýý, ý. ýýýýi, ýýrrýýrfrzatiorrr of r. DIA/P'ý", ýiequipment and related procedures sr took rntýýý 
ýýýýý'c'ex Steps tý'1 ready the irlst°rurýýýýts to acq1,11. #"'INICidata fr'orri the software operating the 
ýýýýýýýýýýýý irustnrurnents verwe praýctucedw 131esides t! uir, r expearwiiýrrrrerut done by previous FYP 
stýýderr, t 
ilu1 
obIhJIe11vtýIdN Froni this obNerrvatrorý, reyWNoninpendaIýion was nade to 
improve 
the 
eýýpe: rNinýre. nt of the sýiray. For instance, instead Of rnaruuraUy adjusting spray to hae spray 
droplets passing through the L[)A/PDA Iaserwrý intersection pIoünltlb, t "ýýýýýýýerýse sýIýrýýýtýýin of ý 
iý)A/P[), ýýý utilized to move the lasers inlLen; awctýýýýýýý point. By dng so. iioiv direction 
r of spray rý rýr)t ýr 
W 
Frýrt. ýr"ýrr. rýýtýrýýýlrý 
I 
rýrrrýýzlý r 
ýýýýýý, it IN 
rýrýý, ýlirýý 
consistent rý IýF uýýýýýNrýýr 
N 
ýnýrýýýut was "" done at ` wýýý lu° ýýý ýrýrý, ýýNJaýý ýý 
. ýr+lýr"r()ýrpreSSrUeSN 
r F he ýý next step 
'ý 
next 
ýN ý ýNpý ý'rý 11 the 1 ; Iiqtý "+ to ýý 
be 
ýN tested i iY' r G1N ýilqý 
ýý"step 
as to ýýýrý+rýWýýrrrý ý°ýwý ý, ý, rrrý they 
ýi ý ýr 
are 
luýdiýmodified Iwý 
starch and ýNatrerw Apart frorr>N that suitable: rýýZýtypes and specifications to be used fb. r 
the ýýýýýýject. 'ýýýs deter°niined as výrel l as siNiätab11ý ýpNuNrnp fbýr thýýýýýý ýýýýýýýzksW After that was the 
process f! acquiring quotatlorlrs ar"rýd rnak, urrr. g purchase ib. r the ýýýýýes and punipw Ne. xt,, aH 
necessary tools eqJGüpn"ure: r"rts výrere obtained and installed. The experknent of the spray 
ývas conducted on bodý of the i quids. Three ýýa! ýiues o, I" presýN, ýLr, rs 'ere chosen to vary the 
ý 'with 
ýýýýwý 
ýr Lastly ýMý ,ý results 
fluid's 
pressure. Lastly i vas r tFrý1 result analysis to determine M ýýýýý the 
iinvesig'ated spray parameters and tIiIeiir iýýe1atiIo; nshNýb vvirth their rärýf"ýurieflcuýý fctors Figure 







PiýJ ýIci t 
Iri. wiýiýviýuýnw. ýýwrwowwiwiýir«iýi iw. 
i 
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, rýý ýýýýtCh ý"ý "v rk:. 




ý'ýIý+h 1ýPih'"ýi. 1 Lk,. 
ý 
m ýný rirwdýwrýrýiýnýiwuý MuwiwýrýxýMiýwv ývmrýý ýýr ýývýý ýor ýwýra, ýiý , wý,. 
1LE 
doý! 
br ýýýýýýint ýý 




iwf riwMwwwýwýwxýw*wrwxwuwwiw'www, 'ýw 
of 
ý i"Iý'Iýuii; e«d tic) ýý, ýý p, e'ý''ýflý eCfl't 
('rIIDCh. iý ýdfl n'd th ý 
ýIIMMWMWWMýNMxIYIMIIIM`'NWNIMNIFýýMNNM'NwIMMNWMiMMMNMIWMNMIINXNMMMI 
ý 
°esIt & dtth1 dtX? 
°ý ýýýýýýýýýýýýýýýý ýýýýýý c& t lýýýýýýýýý ýýnd 




EýI. ý4flý'J; fl uMýý a 





ýýýýý. ýý, ýýýýýýýýý 
1ýyp'e 
ýýýýý. ýý. ý. ý»ý. 
i`''ýýýýýýýýe 
 R qýt 
in 
° qýýýýýýýý ýý ýýnd uinýýýýý 
p1wdýýýýý1 ý b: n: pýpý , 
ýýýthe 
Figure : ýý ýý ýýýýýýýýýýss flýýi of the ýýýýect , 
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ýn uencc the pFy, s breakup structure, dropýýýýý size and drop'ýýýt v&ýity profile of both 
: " ýbie 4 ,p: ýýýýýýýýýrtýes comparison (Acktand., 2007) 
qý 
f data 1 ýýýýýýýýu 




ýýýl data , ýýý ýrýýw ýd ý°"ýýýIýýuý NCý: 1ýwýý'ýIýýýýýDA . E1)A I 
is the 
hoý, ýýIýýý; , ýýýý' eýýý(rr'wý 
ýý 
ýty Of spray, LC )A4 ý is ý ýýýý is ýrwI's ýý hýý'ýý the ý ýýýeitiýwfýýl ° ýýýýlýýýocýý of cýýý*ýýý, ýýýýýýýýýýý, ý and ý diýýýýýýýteýý 
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42 Sauter Meats Dimeter 
ýýýýýýý drop'et s ize of both liquid . inodü1; 
ied ýýýýýýý "ater was compared. F'ýýýe '4w ý 












, ý, ýo ýý 
0 
I 
60 ýýpa 100 kpa'a 
Illlýllla ýýýýýDter 




ýýýýw Figýýýýý 4: 2: Sater ean [: ýýýýneter a1 .5 ýýýýýý eýtiI caGý ýýýlistýýn. ce 
from n'ozze 
As 
. rr°rentioned preýiously 
in the Cha, ýýeýr 2, the spr°ayr droplet size as 1rrýýeasulred using 
Eiýqrrrarrrrion '(2, ý) and thr~ýý ýýýýýta obtained via Li)di']Iýýýýýý. Thýh uiip1e of the ýýýýýýý! atiýýýýýý ýýýýýld 
ii"bund in thappendices. 'Spray droplet s1ýýýýý ývas rrrr(s: rirwýd at three diftýrcnt pressures 
of 60 ýýý kPi\ arid I 00 kPýýý . 
Based +oti the figure, it is k: drýýýýýýýýýý that sp : ný, ýý' droplet si, ýýý 
iýýcý starch decreases decreases as tIýrý. fýýrMýsýýýrra, rýý ýiiýýýrý. 'ýWýýýýrýr ýwrcý"evýýr», sý h the ,ý irýýýrýý the pressure ý ýýýýýýýýýýý , rrýýis ()ýý'' tl~Irýý lrrýý rýrý. ýýýiri 
sligIit increase in droplet size from 60 to 80 kPa arid then decrease afterwards. At 
any parti cu l ar pressure, Ii quki rrrruxl i fieýýý starch has bigger dr"! opkt size COiTr p1rr rýýýd to r ater 
liquid rnodiflýýýý starch has the 
biggest droplet size of 374 at 60 kPa ývhiiý ýwater has 
the largest dropkt size of roughly 265 at t1ie pressure of 80 kPa. ; I: 1iqr, rid inodfied starch 
d. rrNoplet sirýes at aH. of the pressures are cate; gr'*riieci as serrni.. coarse atomization while 
vater d. rrýýpk't sizes firrItW into sernrýflrre ýýtorrýizatruorraW T'be droplet size ciassflcation of the 
pat, iicirý ýýýýýtiflliquid is fir fiýorrn the ac, l°rriýýýýýýýd target 'of 3ýý"ý .. 60 vhich falls under fine 
at! r°r«rnizatic)rrr. It ywas estirr"w°rated that the firre atOrcn; rrtiiOrr, COUld i. ýC Chie(e'd it pressure 
greater than i ýý"ý00 kPa. 
'"ý'ýý IIý IýMý iMMN 
4.3 Iprýýy °ve. IIody 
Sprayl vert11ýýýil veioc*Vty velocity pIark'hl tloý the sprty flosv cliürec°Ition \Ivh'ilch, 
was idývflrarcjs Vertical velocity ý, of IýýyI, Mýiýlýýýn sý ýýiraW , ýIIý 'ýýýs ýýýýý; wr, ýelýl 
ýýMý, ý ýi'verýýý IýyºýrýýýjIIIý ýýýý drýýýýqýýýýýtýýý WII+ý' MI 
ýnI 
Illw 
veIociýt,, y n that 1ýýartmýýýar spray obtained through 1 ý; [)iý/PIJ1! \.. 1; elowll is ii"ýgure 4N; 'ý 
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'4ýiýý . ýýdý 'M 
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IA 
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ýýIIýI !I llh 
. Iýýi IIýII ý IýIýý I II I; i llýll, j, i lüý, I 
Vp! IýG ý, ýII 
ýýýIVýIlllýllllýlýlýýllllýýlllýýýiý'IýIýIV III u 
Il water 




ýýý r ýrwr 
.. IM Iý L3: ý ýýrýt ý ýN 1ýý l velocity of , 
ýý, ý t. ý 
Frorrwýlr the Figure 42 above, both of the i, kiuu ids s'ýý ýýýý'v the trend of increase ri ýIýe V ýýýýý ý ty'I as 
the pr"eIýh sur*c on the fluids increase. At ever' ressrýr re here data is taken, iilý ýý ýd rr odified 
starch has higher rciagrritude iri ve: rwrCýicaý ýc! ocýty than ý'vaterr. wihs ünpfles that ýiqthd 
rrrrcý! dified starch wýprýyI could reach greater penetration distance at 
any 
pressure as 
COr~7rrpafeCt to ývater a 
44 Spray horizontaV velocity 
ýýýray horizontal ýýýIýCit>! jý výýýýociity pýrpen"n, diculýýýý to the spray floiv direction 
ýýýýýich ýýýýýýwnuvards. Výýýýýýic, al velocity of gýýýýýýýýýý spray'r was , nýýýýýýýýýýýýýý'ed by a erging all 
droplets veIocýitýý ýn that particular spiny d. at, a. obtained thrcºuIi 1C. J)A. /PE). iý. . 
i3eloN is 
Figure 4.3 shýýývýng resýdts regarding hon°iü7+r~nitýýl veiociit, yý at ýýýýýýýýýýýcal distance of I ý5 ciýý and 
















Fý gure 44 I. iorý ýýý ýýýý ýd ýý ýý iocity of spray drNopl, rwt. 
Fr()n°u, the : tiýýýý, both of the ý ýquids show the trend of 'iincrease in °velocity as the pressure 
on the t1Uuýýincrease,, 
ý 
ý, 1H«ý1ýýýýýIMI i pressure ýýýl l'ýýtaken, liquid ýI 
.r wr 
ý starch rr ýw 
I, ýý ýýý. ý data uliquid modified . 
ýýIýýIý 
. 
lower niagnitude in horrizorutall, veIoicýty than water. "ihis i1iTuplýes that water could reach 




ýý ý ýýý ý modified starch has greater uliýuýýý'eýuiar ýIv&ght than vateiacrN Thus, mass ýýu"uýý 'iaa"aaý"'ý, rtuýýa a IýNaaIrýýý ýýý. 
of the 'iý uiid aaNýNýýýtýý: ý týýý. aaý ýýýatýýrNl ýýrVhien ýý, r'u ý"ýýý 'ý ýý peýt "ý°ý ýý ýýýýwa. ýu:, iý aaýý 
NI 





IM ý Iý: 
ýuýýiýýýaaýµýýN 
ý ýiwI   týýýl+ 
spray rµ flr Iýý I ýI4ý I ºýý1I ý ýýýr; ý rýaýau(Jýarýýi. 
ýF' , yyis horizontally ý ý ý~ýwýr of INN cýr+ýý; uýýIýrNýI' 
N ý: ýýt 
hýýýher vdoct'magnitude:. 
4ý ,ý Spray agies 
Ifýý ýýieasuMýre spryr flg(^ýw;, pictures taken from high speed caniera recording ýý µý 
Nhý ýýýýýýý, ýýýý of spray y' are used. dused. ý; "II: h and ihigh r+ýýsoiul; on setting was : uej to get 
of 
Iq 
of at ýýýýýýuý: ýý; tl ýuýýý` sýaýýhýý ýýµýýýý background. ýMIýý tla ý 
ýi 
ý 











ý taken via high ILýýýýýIAIýýý earn. ýIýýu1lý 
Iý "ÄýL+ýIýýI 
I ý` 
IrýýýINýy ýýýýýý 1ýý wvýýlýýýý 
ý, ý, ý, ýwYýlýýIýýýýýý"I 
ýýWý, I ýtlýýý : 
ut. ized to nrnýýý, sý. uýNýý the spray .,, » ýý ýý ý ýrýC: ýýý. ýý 
ýIrýriýýl 
straight lines ire dar. avvn ýýýiong the ýýýýprýiy vadth, ý ý 
rhe Hnes were extIen(iýýd until both ýýýýi then intersect ! aiI one point. ý. Jýýinýý 2L) : uneasu"ýreuýient 
ýiýi 
optio"n ar b, ý? ýý. ýý" : ý. WeCYrý 
those I1 fl( IIImIh measured. ýýý, ýe °. ý ýia ýý; ý ýIýIý iý ýýII ý 
ýýýýý. '' ýý1 ýýr, ýrýýý below ý the ýýM' Yýrýýý ý ýý on. 
ýý; ý°ýýý ýýýý: ýýS iYý, rIýxýýýiýý°ýýý ! f! d, ýýý 
iý; iiiMiiowoooi;, 
ýi 
ýýýýýý ýýuu ii,,,,,, illli, 
i WWI I-Hi IýIM 
i'1I111111IN 
w 
Fl guýýýý 45ýýý ray angle in'easuirerne. rit 
45.. I ý1)ryr ýý n; ýie. s ýýý: I" wýter 
ýýýý, 
nIIN 

























ý. ýýýýý"ýýwýý A 47: Mý ýý«r ýý1ý. ýýý . 
ý"ýý of , ýMirý'ýýýýýiýýýý iýIl I ýý « 
25'46'' spray iýý 
,, ý. 
iýý; iNýý 4: 28ý2rýýýýý spray aLLýýý, (ýwý ýoýw`ýýýýrtýýirý at ýýýýýýýý ýý 
26 





Xl , TIIýIIýýýIýý 
tIýAýMI ýýINIIýcWIJMI111AN# 
I ý;,, ýýr 
ý. ý ° 1I 
increases :, irý+ýýýýe droplets travel horizontally and ýIit l°iiiigh .. er rianltllýýde. As the 
resulip,, sprla'l, 
ývidt. h t. hatI 'water spray a1so1 has 1I1rI: t ý*flOUflt of° clar°opVcts produced 
iJrCSSL1rC 'iil°laýcr, elw, ýie "lll'llnI. ýý is i_I1dicIited by the increase in contrast of spray' to th!! I 
II 
of 





angle rlna: ýý 
IN Iý. 
ýýýrýý lýniýý 
ý4W ýýý, ýIIý ýý; rýýýýýcýl ýýýýý the ýýýýIlýaý, ýýýýýý. 
Irý. "laýýllýlý42 , ýIýucý1ýýý lýl r ý1ýý. Iy, i 
qý rý, ý q 
ibýýý of water. 
ý. 
ý 
ýýýM ý I, 




ýýýýý'ýi ýu, ýý+aof ý, 
432 










IIýý WI I'1 PVI 
, 
ýýýýý7 ýI 




ý'ýýýýýý ýlý1Cýý, Iýý 
of 
iN 
i. ý ýý1ýýýN 
III ýai fýlil: 'ýýýNwI 




tý ýgu. ýe 4.1 0: 22ý279spray aýrýu. gýý o1' hqu, id. rnoditied starch at () ' ýý 











Lýýý: ý1 ýýý Y II 
w 
'ý RIIAlý 
the ý dl wý rI I"ý ýýi V Iýý7 11 Qý, ', ýI Iluy` I'ý ,ý 
ýIrp'ýýi'Iýý, 
IRýýI"j'. 
IuiJ'I'9Ili7 ýýýýýrýýýýýwýýrýýýýrcl a'r. ý+ýýýýwýýýý'ýýýII ýýý ''ýuýýýýýu. ýllýuý ýýýýý°ýýýIý. pressure ýIrýýlýýýýýýýýýýýýý. ýýý+ýýýýý ýý, ýIýýýýrýý ýýý droplets 
ý I' N' spray ' IrIw ý 
°Iwý: ýrýizlýýýýtaýýý' 
and 
ý° t ýýýý; ý°ýcýr rýa, ýýrýitýucýerl As the: ýrýcý, ýlauuit,, width incýIýýýý ýI\. pt frori 
that, the spray also has : iarger amount of drcýpiets '9wý"ýcri pressure increase Ths 
















starch ýuýýl ý. ýý ýýt 
at 
ý Iýý", ýýýiýýº 
shows 




greater than I; iýýýiaid rrýý 
II j" ýI ýp 
ýýwINI"N týý; 
` ý. r cýýaýýýt 'z ýý a 
given ýý 
ýýýnM'IýI ýýýýý ýýr 
« 
ýI' ý Iý. ýNý1`Iýýý: ýýýýýýlýýuýýr+ýh 
modified ,I at the sý' pýýýýý , NýcýsIý ýuýrNlýýr 
Spray 
ý ýýý ýýýrýlýýlcý rýýýýlýýýtýý 
for ý ýýqurýrrlýý modified starch ire ýNý'iý1ý1W1rL ýuni Table 
''ý IIr _a iry 
"rýb"k 4.3ý Spra'r a, týýýýle ýnea. surýýým. en. t resukwý 'of ýiqINid urnodifid starch. ý 
a 
ýýýýd ýIýI IýN ýIRý; iýXýIF ýli 
; ý`"ýý.. ýý'ýý"ýýýý 
ýýýiýý , ýi"ýýýiýV. ýýyýril 
iwlw. W. ýi. dwiw+iwiwu 
ýýý''rlýnýIrTable 'M has iid at i ý'ýý' and R. ý; ýýý ýý' 43, it is ºn1ýýý+ýýý tI nýýý' ýi aýIer l has bý; ý, r Spray ýý, rrný,, 'ýý ýr 
any 
pressure cýýnrýpared to liquid nýodia, ýýýýýd starch. I3rýýth of the flqu1Nds shovs iiicrease in spray 









ý , ýýý Mu 
per ýýýý, ý, ýýýýýýýýý ýýwýýý ýnnýýýýýzý+ýý' nnýýýýýrý"rýý wýIýýýrý'ý, w ýýIli ýýýý°ýýý 
Ný 
per ýýýIrýýcýýýýý, ý of wýý' r I+ý'ýýý ý, ýý 
droplet of Iýýýýýýid nýýýýýifleýý ýýtarýchr So, ývateM sprayr droplet has less inertia and is 





easily' , ýýý 
1tý 
I ýýý ýýý ý 
the 
ý rwýýý{ýýwý ýý 







l, ýýIýý ý. N NII 
29 
CHAPTER 5 
C()NCLUS, ýýýý AND 






obýIective of this prowl ýIect ýI. a to characterize 




































Iv ý ti. 
lrrýlýý ýIýrsrý+ liquid for 
, ý, ý 




pryý; rýwýrt, ýýý st ýI'ýIý"ýt: ý°rý'ý r to are týýulýý' ýýýarýýII ý. rrý 
ý 
II 
ýýtlr ýrýýtrr: r°ý of ýý1ýrýrýII ý11 +ýrcý ýýýýrýt: ý aýýpý ýl'l 
rfrr. ý, pkt, size, (P. rINa! drýp. kxt e'ýýýýity profile, Il flýurlýry arrg: 





properties ývere dIýyýte, rrmhiled by using t;,, ý"ýIlA/PDA syS1err and high 
speed camera ý ; ýýMýýtýý ýý. ý" the 1f,,. ýlýýýýýýw 
ý1'ýDýýýIýIýI 
ýt, ýýýýu"au ýr ,I, ýyý f. ýýýý 




Y'ýýýýý the lr ýsize ýýýýýý .ý 
pray ýý droplet ýIIýýýýýý! CJ, tý( ill both ýýýoriz"onýýý rand vertiiýýýýý directions are obtained. ThU'e the 
IM high ýýee. d ýýý 
Iý, w ý, ý , w'MI ex 
ýY IN Yýr dýýrlrýýrNý rr , sýalra 
I  111rtrrrrýuýýý, 
lýl 
ii 
Iw r. ýrrrmrýrýlrýt, ýý ýr ýIýwýýtýý, lýrurr ýiýýýýlýý ýwý ýýuurr, ýlýý to be I rrrýýýtýý: lýýýýýy' . ýrlýý uýIrýrCrý w .ý 
y 
the two C: qUrý. ýrýflýyýfltýý ýwere clone three rýag, n. itrrldes of pressure and it: hare 60,, 80 and , 
I ()O p 
Spray drofrrfet sizc of liquid mýru+r"ýýifýýýd starch and aterr VFC: determined 
by' 
,,, ý 
ýýaýý; ýý ýýtrlý; the 'týýr 'Marr f: )ia. rlýcýýýteryý rrýýiraý ý tfraýý ýýýlilýrýrýýtýýýrýý ýýrýýtýýiurrlýýýýil fýrcýrý: r ýi': ýýýl/PDlA, ý ý 
F"ronr, the ýýI, alýýýýufated EN1f)y liquid rrufodifled starch has riter spray droplet size than ýu 
7vate. 





'that spray ýdroplAlet size 
has the 
reIatonship of 
inversely pIrýý. ýportionýr, ýf 1: 0 the viscosity ý ýlý of 




given spray' w on the 





ur. iý the ý pressure exerted ý Il, 
increases 'meaning tlrrat ýI\41: ) iis' direcFtl, yº proportional to the pressure. For the appHcation 
()f" coating fertilizer granules however. the Sýýý[) of liquýýLd, I rriodi flied starch did not rrwýýých 





Iýý . ýýýI the týýrýý+ý I ýi"'ýýýI of ýýýýýýtýýºýý uýrýu w in order to achieve this uý. týý 
that, pressure of greater than iN 500' kOPa shoud be exerted on the fluid. 
AI"; fbr° the re1IocýItýýýý ifle of the sprNay, I average ve1ity of 
droptets in the 
directions of vertiiýýlý'al and horizontal were mrreasurled. it is f"burrlrd that both vert. ica. and 
w 
hlýýI Yr in., 01 ý r'Iýýntýrr. Nl velocities Iirýýýr I ýt; ý'I IrýWrllýrýrtr 
,I INiýýrrurý 
to the pressure 
IIr 
the liýluLrurpoint of h are 
N 
pressure I ý: ýýily týýý lcý. 
ý `Iý 
Ilyýtp any ýýýý 
"N Wly Mw ýýy 
pressure:, rqrirmodified starch d starch has higher ýrrýrrýý; rurt. ýýýfý; ý 
in IýMýýýIrrtIy ýýlydar, 
ý'ýý; 1ýýýryýý', ýtty CrýýýrTuýfrlýurlýlýf to I 
ýwaterY f., Jloýý+leveurµ. it is ýifl'ýrerult fý: rry horizontal vef11oIcityl as fater ilýras lrriher na. gnitu. d. 'e than 
liquid modified starwcfr. 
30 
i"ýýý spray an!; ýýý ýör both liquids ývere awýýýýý determined. ýýýý W ter haý, ýý ý'' g reý ý ýýýýýýýý. sý,, rýýý9ý 
wi ýý YI yI /ý f, ý For ý. ý°ýý ýýýýýýý 
'ýliýtýp l 
















A ý'w' '^II, ýgli ii iri r angle should ýýýýýýýýýýýýN' 
pýý 
ýý ýý ýýýrýýýýý iýýii ýýý nýýý" wý 
pray he il hý ýhundreds ý, u ýýý, ýýý ; 
rýý sirnu: ýýýýneous1y. in order to ýý, o s ýýý, hiýý ýýr pressure ý' of fluid aý ' ýýýý,, : ýý 
ýýc: ý ý ýý, ýýýý ýýý ý, nozzle shýýýýNrr 
be ýrwýý.! h!, ý rýfl dýýýýýigýi. iflý týýýýý ýýu. kiizeýý ýýýýý c'oýýýti"ng ýýýýstent 
52 ýýcoýýýfflerludatýonlý 
ýý\5; recýýýýýýýinýýýdatrxon, current spraying systcrn a''aulate cMii the 1ýýýýý&(. PDA uýýb 






ý IFu, I 
better reý: j11on . 
L1ýýý)A 
.1 






I, ýýýýI, I also w" 
ý 




ýýýýcýýuruiýýl ibe taken arrýrýt 
couisder°atioru. Iw I ý: ýicýcýý týýýýý1,, the tlý ý used to ýýýýIiýýý, ý ýýý spray ar"ýýýýýýýýIcý ýýlýcýýýrýuIcýý ýýýlýº be rýcW, plýcicýýcý 
* ývut'h one nýolre staýýýý and could be accralurat+ýýy ýýýýýýitiot°ied to get the 1Iaseurs 'irterse'ct on 
desired wýprays penetration distance and radial dis! l`anceM Fbe curreilitr c: Nanripý used haiiýlýýýlýi; ý ý. I irý. 




l Ir' wlý+'° t ýýl qrýýIiy 
IýM'ýýMilý, 
t týkI Iýý 
1ý+ý1ýIýlIN+I1ýý 






























, Ilr M 
other than that, a dark room lý should be rr*ade for the purpose of ursiiuig ilriigh speed 
il lI4IM ý'I II 
II 
clýý. ulý ýcýrn ý, dark rýýcýulýrýa better image of spray' I' ttaken 'by' high speed canie, ra couVcJ. be 
ýlur°qwrove as hýýýýheuM contrraýýt : ýý ýn the dark,. 
:ý w. l ý. 
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